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Abstract:  IIXIL’I)SIVC nuiss-]oss  in Ied giant (A(iB) st;irs, prcccdinp. and ]cading  up to the

i’ol”lll;l[ion” of” ])];lnc[ary  ncbu]ac, h;is illl]ml”tallt  COIISC(I1lCIICCS  for (]IC (’V()]uli()n  of the  staIs as w(:]]

as [IIC interstellar ]nedium. A brief review, with focus on nciv SIIId ICS of II Iass-l(Jss  cnvclo]ws

i]]volving llijj]-spalia]  resolution observations made lmssible b}l I-cccn(  (cclln(}logicai  advanrcs, is

prcscnlcd.

Kcywm-ds:  ll~;iss-l~~ss,  rc(lgial~ts,  ~~l:i[lctaly  ]lct>lll:ic,  illtcrfcrc>l)lc[c]),il  lfr;trc(l,  radio,

circumstcllar ma[[cr

1. Introduction; fixtcnsjvc  mass-loss (with dM/(it upto -10-4 h40yI -1) in in[crmcdiatc  Inass (1-8

Mo) stars not only affects their cvo]ution  on and beyond the :isymp[otic  giant branch (AG13),

]>It;vclltiIlgs[:irs  with l~l:isscs  ~11>to=8Mo  froIllt~ccoIl]it~  gs~\])crs~c>\';  i,t>~l{  also cnrichesthc

intcrstcll:ir  mc(iium in (i)avaricty  ofnuclidcs  procluccd  byC~NO,  3(x an(i s-process

nuclcosynthcsis,  and (ii) dust graiIls. l'l)ccircllnlstcll:ir  c~lvcl()Ijcs  ((; SI;s)rcsliltirlg  frort]thc

mass-loss usually have relatively simp]c and well-defjncd  .gcomctrical  (sJhcrical) and

kincmatica]  (ra(li:llly-coIlstaIlt  expansion velocity) s(mcturcs,  and thus constitute ideal

astrophysical ]abor:itorics.  Thus, some of the most difficult pIoblc IIIs of interstellar cloud

chemistry, such as the Iolc played by (iust grains, UV radiation, and shocks in the formation and

dcstruc.tion  of ciiffcrcnt molecular species, may ultimatc]y  bc solved by a study of circumstc]lar

chemistry.

2. (Ms(anding Problems: We lack a theory which can predict the basic mass-loss properties,

namely, the rate (dM/dt),  expansion velocity (Vcxp), and the spatial distribution, from

fundamental slcllar  parameters - ]uminosit  y , tempcral urc, and mctallicit  y. A number of

hypotheses for mass-loss in cool rcd giants have been invc.stigatcd (c..g. 1 lol~,cr  and MacGrcgo]

1985) an~i a lwmstcp pmccss is currcnt]y  favourcci,  wile]-cby s[cll;iI  IIIat[cr is first levitated by

various proccsscs (e.g. stellar pulsation: Bower] an(i Wil]son 1991, soun(i  w:ivcs:  1>i~J3ers et al.

1990) into an cxlcJI(ic(i  atmosphere where grains form. which :irc then (irivcn outwards (dragging

(hc gas al(mg) un(icr ra(iiation  pressure (e.g. Morris 1987). IIOWCVCI ilnportant  questions relating

to [Ilc history (continuous  or episodic) anti sIrIIcturc (c g. sIn(xJIh or cl LIInpc(i) of the mass-] oss,

[ilr forlllalion  an(i growtil  of (iust grains, remain unallswcrc(i,  ‘i’ilc (JI igirl of cquatoriai]y  (icnsc.

st[ UC(LII’CS  an~i l:Is[  ~)lItflows  (50- 100 km s- 1 ) on smail :In~ulaI  scaic.s  SCCII  in an increasing

II[ll))bcr  of’ ol>lcuts  wi[h cxtcn(ic(i sphcrical]y  symnw(IIL cnvclopcs  (r,:,. (’i<] ,2688: K:iwabc  C( al.

1[)87) is 1101 clL’a I: III[xicls  involving binary comp:llliolls  (Molt”is  198-/), planc[aI-y sys{cms (Sai]ai

c1 iii. 1 ‘)01 ), illl[i IIl:lpllctic  ficl(is  (I)asco]i c1 al. I 992. ) tl:l~c  bcvn slIppL’\[cci.

.3. ]{~~cll~  ])c\c~i{J1)III{~Ills:  (Jllli]  rccc]ll]y,  I)lOsl  01’0111” Ll]owlc(ig,c”  ;IIJOLII  (’Sf{s C;llllr  from

olw(’[valit)ns 01” ll]illill)cl~’1-tv:lvc  InOl CC Ula I- lines usin~,  single [clcsct~lJL’\.  \Vi(i] significant



Linc Icasc in tclcscopc/ mqib ct. scnsitivi[y  and (I]c detection of’ (I]ous:inds of A(; ll s[ars ii) 12-100 “

pi]) cnlissioa  by I}-lAS, -fcwx  I (K] CSlis have now bcx:n dc(c<tcd [i~lo~lgh systcma[ic  scalchus

([hr l:ilgcs[ carried t)N[ \~i[l~ ~hc IRAM2 X-n) &thc SliS’1’3  IS t])) ][) [hc CXl J= 1-0 and 2-1 lines

(conlpi]alioll  by ] Amp C[ a]. ] ~~~). Although such SIUdlCS ]) IOVldL’ Nscfll] IIlfolfllallol)”  on (k

cI)vclol)c-:lvcl”:  igcCl (ih4/d[ an(l Vcxp ncccssary for’ studying  lhc s[a[ls[ics of mass-loss, (e.g. .lul a

& Klcinnlann  1989, and rcfcrcnces  therein) more fundamental qucs[ions  relating 10 lhc [laturc of

the mass-loss can only bc addressed with higt] spatial rcsolu[ion  observations. A new self -

consistcnt  model of radialivc  transfer, molecular cxcita[ion,  and ttlc.rlllo(lyllaIllics  wtlich

sillltllt:i[lcollsly fi[s the (1) rotational line-emission and the f’ar-infrared (IRAS) emission from

CSIis has been dcvclopcd  for rc]iablc estimates of mass-loss ratrs and circumstcllar [lust-to-gas

ratios (Sahai 1 990).

[I) A4illimcter  (cI ccntinlcter)  wave illlerferometry.  With lhc advent of millimeter-wave

intcrfcronlctcrs4,  onc can now observe a large number  of circumstcllar cnvc]opcs  with adcc]ualc

spatial resolution. Most stu(iies have focussc(i  on the prominent c:irbon-rich  CSES. llicging,

Chapman & Welch ( 1984) reported the first interferomctric map of molecular line emission from

a (31;:  their map of IICN 1-0 in IRC+10216 (well-studied carbon star) suggested a ~cccnt

dccrcasc in the mass-loss rate (later confirmed by analysis of C() 4.6 pm and mm-wave line

emission: Sahai 1987, Sahai & Wannicr 1985). J3ieging & Nguyen-Q-Ricu ( 1988a) find cvidcncc

for a rotating disk in the protop]anctary  object  CRL 2688 from 1 I(1N 1-0 mapping (HIMA data).

VI,A 5 mapping of en-wave line emission of NH ~ & HC7N in CR1 .2688 (Nguyen -Q--Ricu et al.

1986) reveal both disk and .jct-like structures, as well as dcpw-tu]cs in the kinematics from pure

expansion. Detailed information on the distribution and abundances of various molcculcs  has
been obtained for IRC 10216 (V1..A maps of NH ~, HC7N an(i 11(’ SN by Woottcn  ct al. 1993,

BIMA maps of SiS, 11C3N, C3N, Czll, IINC by Bieging  & Nguycll-Q-Ricu  1988b, Bicging  &

“1’afalla 1993) and Cl/l .2688 (N,guycn-Q-Ricu  & F3ie~,ing 1990), provi(iirrg confirmation of some

of our ideas of circums[cllar chemistry, as WC]] as raising ncw ploblems. Ncri ct al. ( 1993) have

rcso]vcd the lICN 1-0 cnlission  (P(iBl clata) from the unique high-velocity (200 knl/s)  outflow in

CRI. 618 (very youl)c  I) N), from which they infer [hat IICN is forj]]cd (on a time-scale <50 yr)

in a pos[-shock  region wlmre Illc high- vc]ocily outflow impacts a more slowly cxpalltiing  dense

cnvc]opc.  Sahai and IIiep, ing ( 1993) have used BIMA to map the .I= 2-1 (v=()) SiO line cn~ission

al 86 ~illz in oxygen-rict) (31is (see also I.ucas et a]. 1993), and IInd that (a) Sio is cIcpletcd
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ct)inciclcn(  with [hc inwa cxlgc of’ [hc CO shell (Grah:inl C( al. 1993).  Vcl(J~:ity-rcsolvcci  (loll~,sli[)

imagrs  of IIK 112 S( 1 ) Iinc it) {Ino[l]cr compac~  youn[l, I)N, 1~1)+.’W’3(~39  ([akcn with ttlc

(’S1ll:ll. / IR’l’l;x ) show Iha[ (I1c molecular f,:is is col~ccntratc(i in ii cll]mpy, Iiltcd Ioloi(l;ll”

slr(lcll]rc (W;innicv & Sahai 1992), apparently the rcs~lll of’ a Collllll:llcd  higll-vclocily  flow

cxcavalil]g  :1 bipoiar  cavi[y in ;il] A(;II CSE.

4. lhlurc I’rospcck:  A sys[c]na[ic survey undcr[;ikcn  with the ulxmming Giant Meter wave

Radio ‘J’clcscopc  (Punt, Jndia) should proctucc  a substantial incrcasc  in [hc number oi AGB sta[s

dctcctcd  in 111 (onJy 2 (ictcclcd  so far, see 130wcrs and Knapl) J 988), providing the flrs[ dilcc{

cs[ima[cs for mass-Joss  r:itcs,  [otal  envelope masses ;ind ages. Jncrcasing  usc of mm wave (and

fu[mc submnl-wave) intcrfcromctcrs, infrared CCIJ-:irray  camcrm coupled to lligl]-rcsoJ~)tiorl”

spcctmmetcrs,  and submillimctcr telescopes, in obscl vat ions of A(; B stars and PNc., wfJ1 lead [o

a dc[ailcd and comprchcnsivc picture of the history and structorc  of the mass-loss duling Jaie

stcllal  evolution.
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